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344 SOLUTIONS OF PEOBLEMS. 

298. Proposed by C. N. schmall, New York City. 

A person desires to throw a stone so as to strike the greatest possible blow at a point in a 
smooth vertical wall at a height h above the ground. If his strength is sufficient to throw the 
stone vertically upwards to a height 2h, show that he must stand at a distance 2h from the wall. 

(The resistance of the air and the height of the hand are not taken into account.) 

Solution by Paul Capeon, United States Naval Academy. 

As the wall is smooth, the force of the blow is proportional to the square of the horizontal 
velocity of the stone, which in turn is the product of the given initial speed of the stone, v , and 
cos a, if a is the angle of elevation at the start. The problem is therefore to make cos a a maxi- 
mum, or to make a a minimum. (0 < a < w/2.) Let the required distance from the wall be z; 
then 

z = Vo cos at, h = v o sin at — \gt 2 ; 
whence 

2/it'o 2 = 2vo 2 z tan a — gz 2 see 2 a. 
Differentiating, 

da(vo 2 z sec 2 a — gz 2 sec 2 a tan a) = dz(gz sec 2 a — vo 2 tan a). 
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Then 



and therefore, 
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gz sec 2 a — v o 2 tan a = 0; 



Vo' ■ 

z = — sin a COS a. 



2hvo 2 = sm 2 a sin 2 a = — sm 2 a; 



sin'a =-h, 
vo 2 



z = Vf w - 2gh) - 

According to the given conditions, 

v<? = 2g X 2h = 4gh, 
so that a = 45°, z = 2h. 

The stone is at the highest point of its trajectory when it strikes, whatever the value of v . 

We may also solve the problem as follows: 

If the stone strikes the wall with a velocity Vi, at an angle with the horizontal, the energy 
used up by the blow will be \mv^ cos 2 /3, where vi 2 = vo 2 — 2gh, and v\ cos = v cos a. vo and 
h being given, it is necessary for the greatest effect that = 0. Then Vi — vo cos a, v 2 sin 2 a = 2gh, 
sin 2 a = 2gh/vo 2 , and since 2hv 2 = 2v 2 z tan a — jr« 2 sec 2 a, 



i. e., 

z = V? w - 2gh) < 

as before. 

Also solved by Marcus Skarstedt. 



